Introduction {#Sec1}
============

Preterm infants are at higher risk for infection than term infants due to their immature immune system and their conditions related to premature birth, including respiratory distress syndrome, chronic lung disease, retinopathy of prematurity \[[@CR1]\]. In neonatal intensive care units (NICU), preterm infants are often fed donor human milk to supplement an insufficient maternal supply of mother's milk \[[@CR2]\]. A potential source of infection in preterm infants may come from raw human milk or pasteurized donor milk products containing *Bacillus cereus* or staphylococcal enterotoxins \[[@CR3]--[@CR6]\]. The factors from maternal background that increases their presence in human milk remain unknown.

*B. cereus* can induce infections that can lead to death in preterm infants \[[@CR5]--[@CR8]\]. *B. cereus or Bacillus species* was detected in 5.8% of 190 pasteurized donor milk samples \[[@CR9]\] and 5% of 303 pasteurized donor milk samples \[[@CR10]\]. *B. cereus* concentration in Holder pasteurized donor milk was 3-fold higher than raw donor milk (unpasteurized), whereas shelf-stable donor milk (retort sterilization) had no colonies of *B. cereus* \[[@CR11]\]. *B. cereus* spores in human milk resist pasteurization and their spores can change in vegetative cells and grow during the cooling and thawing steps to become active in pasteurized donor milk \[[@CR12]\]. Commercial sterilization destroys *B. cereus* spores in human milk, which explains the absence of *B. cereus* vegetative cells and spores in retort donor milk product.

Testing for *B. cereus* before pooling and processing raw human milk is highly recommended, especially for pasteurized donor milk products \[[@CR9]\]. The efficacy and optimal method to detect *B. cereus* in raw human milk is not well documented. Plate count agar, a non-selective culture media to enumerate total aerobic counts, was used after pasteurization of human milk to detect the presence of *Bacillus* species \[[@CR10]\]. No selective agar culture media has been used to enumerate *Bacillus cereus* in raw or pasteurized human milk. Mannitol-egg yolk-phenol red-agar (MYP), a selective agar culture media, has been developed to enumerate vegetative cells and spores of *B. cereus* in foods containing other bacteria or microorganisms \[[@CR13]\]. No study has used MYP agar to detect the presence of *B. cereus* in raw or pasteurized human milk or in fluid samples (bloods and stools) from infected infants. The lack of official method to detect *B. cereus* in raw or pasteurized human milk increases the risk of *B. cereus* infection in preterm infants.

*S. aureus* is another bacteria that was often related to infection in preterm infants hospitalized in NICU \[[@CR14]\]. Although the pasteurization reduces *S. aureus* in human milk, some strains can produce heat-stable enterotoxins (SEs) \[[@CR3]\], which are not eliminated by pasteurization. The SE concentration required in human milk to induce gastrointestinal illness (distended abdomen and bloody diarrhea) is extremely low (≈0.4--0.5 ng/mL) \[[@CR15]\] and may lead to mortality in vulnerable infants. The presence of SEs in raw human milk or pasteurized donor milk is not usually tested \[[@CR9]\]. The factors from maternal background that affect the production of SEs by *S. aureus* are unknown.

This study aimed to determine whether vaccination during pregnancy, prematurity and staphylococci concentration influenced the presence of *B. cereus* or SEs in raw human milk from healthy mothers.

Materials and methods {#Sec2}
=====================

Raw human milk samples were obtained from 152 healthy women through the Mother's Milk Cooperative (Boulder City, NV, USA). These women from the United States consented the use of their milk for research (no Institutional Review Board approval was needed). Mothers who were smokers, drug users or diagnosed with a systemic infection or other diseases (including obesity and human immunodeficiency virus) were excluded. The criteria pre-established for inclusion were passing blood test (negative tests for HIV, HTLV, hepatitis B or C and syphilis), living in the USA (residency), exclusively breastfeeding, completing health questionnaire questions and no use of specific medications. Milk samples (150--250 mL) were collected at home with clean electric breast pumps into sterile plastic containers and stored immediately at --20 °C in deep freezers. The breast was cleaned with water on a washcloth (no soap or alcohol) before pumping. Milk samples were frozen and transported to Medolac Laboratories A Public Benefit Corporation where they were kept frozen until they were rapidly thawed to 37 °C. Batches (2--3 bags) from the same mother were pulled together to withdraw an aliquot (100 mL) of milk into a sterile tube for microbiological testing. After microbial sampling, two aliquots (1 mL) of each mother were added to sterile vials and were frozen at --20 °C in an industrial freezer until the ELISA analysis (within one week).

For the enumeration of viable *Bacillus cereus* and staphylococci, raw human milk samples (1 mL) was added into 99 mL of peptone water (0.1% w/v). Diluted milk (1 mL) was added, in duplicate, to sterile plates to determine the counts of *Bacillus cereus*, *Staphylococcus aureus* and coagulase-negative staphylococci (CNS) using selective agar culture media. Baird-Parker (BP) agar base supplemented with 5% egg yolk tellurite were used to enumerate *S. aureus* and CNS \[[@CR16]\]. Mannitol-egg yolk polymyxin (MYP) agar supplemented with 25,000 units of polymyxin B (antimicrobic vial polymyxin B) and 5% (v/v) of egg yolk enrichment 50% were used to enumerate *B. cereus* \[[@CR13]\]. Selective agar culture media and supplements were purchased from Becton, Dickinson and Company (Spark, MD, USA). The protocols described by the manufacturer for the enumeration of *S. aureus*, CSN and *B. cereus* were followed appropriately. *Staphylococcus* species were incubated at 35 °C for 48 h and *B*. cereus at 32 °C for 48 h in aerobic conditions.

For the detection of *Bacillus cereus* spores, ELISAs were prepared as described in our previous studies \[[@CR17], [@CR18]\] with some modifications. ELISAs were recorded with a microplate reader SpectraMax iD5 (Molecular Devices, Sunnyvale, CA, USA) with two replicates of blanks, standards and samples. Raw human milk samples were centrifuged at 10,621 × g for 20 min at 4 °C. After removing the fat layer with cotton swabs, the pellet and supernatant were mixed together and then separated into aliquots and stored at --20 °C until analyzed (less than 2 weeks). Microplates (Clear Nunc MaxiSorp flat-bottom, Thermo Fisher Scientific, Rochester, NY, USA) were coated with 100 μL of *Bacillus* spore Antigen Polyclonal Rabbit Antibody IgG (Thermo Fisher Scientific, Rockford, IL, USA) at 1.6 μg/mL in 1× phosphate-buffered saline pH7.4 (PBS, Gibco, Grand Island, NY, USA). Microplates were incubated overnight at 4 °C. After incubation, microplates were washed 3 times with PBS with 0.05% Tween-20 detergent (PBST) (Thermo Fisher Scientific) and then 200 μL of blocking buffer (PBST with 0.05% of bovine serum albumin (BSA) fraction V (Roche Diagnostic GmbH, Manheim, Germany) was added in all wells for 1 h at room temperature. For positive controls, milk samples enumerated with MYP agar for *B. cereus* colonies were correlated to the *B. cereus* spore ELISA. The samples (pellet and supernatant) were diluted 2x with blocking buffer. For each step (addition of standards/controls/samples and secondary antibodies at 1 μg/mL), washing and incubation for 1 h at room temperature were performed. Bacillus spore antigen polyclonal antibody conjugated with horseradish peroxidase (HRP) in PBS were used for detection. The substrate (1 × , 100 μL), 3,3',5,5'-tetramethylbenzidine (Invitrogen, Vienna, Austria) was added for 5 min at room temperature followed by addition of 50 μL of 2 N hydrochloric acid to stop the coloration reaction. Optical density was measured at 450 nm.

Concentration of staphylococcal enterotoxin A (SEA), B (SEB) and D (SED) were determined using ELISAs described previously \[[@CR17], [@CR18]\] with some modifications. Raw human milk samples were centrifuged at 1,301 × g for 20 min at 4 °C. The infranate was collected, separated into aliquots and stored at --20 °C until analyzed (less than 2 weeks). Plates were coated with 100 μL of 1 μg/mL in 1× PBS of capture antibodies: sheep anti-SEA IgG for SEA, sheep anti-SEB IgG for SEB and sheep anti-SED IgG for SED (Toxin Technology, Sarasota, FL, USA). Plates were incubated overnight at 4 °C. After washing plates, 200 μL of blocking buffer (PBST with 3% of BSA fraction V) was added in all wells for 1 h at room temperature. Standard samples were prepared using purified SEA, SEB and SED (Toxin Technology). The standard curves were prepared using a range from 0.1 to 50 ng/mL. Supernatant samples were diluted 2× with blocking buffer for SEA, SEB and SED measurements. Sheep anti-SEA conjugated HRP, sheep anti-SEB conjugated HRP and sheep anti-SED conjugated HRP in blocking buffer were used to detect SEA, SEB and SED, respectively. Substrate, acid-reagent and reading steps were performed as previously described.

Detection of SEs using ELISA were validated for accuracy, precision, limit of detection, limit of quantification, lower limit of quantification (LLOQ) and upper limit of quantification (ULOQ). For these parameters, SEA, SEB and SED concentrations were determined in supernatant human milk with 25 ng/mL of SEA, SEB or SED in 2× blocking buffer from 4 days of experiments with three replicates.

For statistical analyses, unpaired *t* tests in GraphPad Prism software (version 8) were used to compare factors from maternal background (vaccination during pregnancy: vaccinated vs unvaccinated; and prematurity: preterm-delivering vs term-delivering) for the concentrations of *B. cereus*, *S. aureus* and CNS in human milk. Differences were designated significant at *p* \< 0.05. Sample size (*n* = 152 mothers) was selected based on previous literature sample sizes and proved adequately powered based on the results.

Results {#Sec3}
=======

The demographic and perinatal characteristics for the women donating human milk are presented in Table [1](#Tab1){ref-type="table"}. The number of vaccinated mothers and the type of vaccination are described in Table [1](#Tab1){ref-type="table"}.Table 1Demographic and perinatal characteristics.Women (*n* = 152)^d^Presence of *B. cereus*^b^ (*n* = 14)Term-delivering: preterm-delivering, *n*134 term: 18 preterm13 term: 1 pretermPostpartum time, months^a^5 ± 4 (1--14)4 ± 1 (2--5)Infant gender, *n*74 males: 78 females8 males: 6 femalesMother's age, years^a^32 ± 4 (20--42)34 ± 6 (24--49)Vaccinated during pregnancy, *n* (%)^c^98 (64.5)4 (28.6)Flu vaccine, *n* (%)25 (25.2)1 (7.1)Tdap vaccine, *n* (%)19 (19.4)1 (7.1)Flu and Tdap vaccines, *n* (%)54 (55.1)2 (14.3)Unvaccinated during pregnancy, *n* (%)54 (35.5)10 (71.4)^a^Value are mean ± SD (min--max)^b^Mothers with the presence of *Bacillus cereus* in raw human milk^c^Women were vaccinated with tetanus-reduced-dose diphtheria and acellular pertussis (Tdap) vaccineand/or inactivated influenza (flu) vaccine between the second and third trimester (27--36 weeks of gestation)^d^Women took no medication (including over the counter, prescription medications and illicit substances) before and during the expression period

CNS and *B. cereus* concentrations in raw milk from unvaccinated mothers were 1.4 and 1.2-fold higher than in milk from mothers vaccinated during pregnancy (flu/inactivated influenza virus vaccine, tetanus, diphtheria and acellular pertussis (Tdap) vaccine and both flu and Tdap vaccines), respectively (Fig. [1](#Fig1){ref-type="fig"}). *S. aureus* concentration in raw human milk did not differ between vaccinated and unvaccinated women.Fig. 1Concentrations of viable **a** *Bacillus cereus*, **b** coagulase-negative staphylococci (CNS) and **c** *Staphylococcus aureus* in raw human milk between mothers vaccinated during pregnancy (*n* = 98) and unvaccinated mothers (*n* = 54). Values are mean ± SEM. Asterisks show statistically significant differences between variables (\*\**p* \< 0.01; \**p* \< 0.05) using unpaired *t-*tests. Colony-forming units: CFU/mL. Pregnancy vaccination was the flu vaccine and/or tetanus, diphtheria and acellular pertussis (Tdap) vaccine.

*B. cereus*, *S. aureus*, and CNS concentrations in raw human milk did not differ between preterm-delivering mothers and term-delivering mothers.

The concentrations of *S. aureus* and CNS in human milk with the presence of viable *B. cereus* were 16- and 2-fold higher than in human milk with the absence of *B. cereus* (Fig. [2](#Fig2){ref-type="fig"}).Fig. 2Comparison of counts (colony forming units, Log CFU/mL) for *Staphylococcus aureus* and coagulase-negative staphylococcal between milk containing *B. cereus (*presence, *n* *=* *14)* and milk without *B. cereus* (absence, *n* *=* *125*). Values are mean ± SEM. Asterisks show statistically significant differences between variables (\*\**p* \< 0.01; \**p* \< 0.05) using unpaired *t*-tests.

Among 152 raw human milk samples, 9.2% (*n* = 14) of them contained viable *B. cereus* enumerated on MYP whereas 21% (*n* = 32) of milk samples contained *B. cereus* spores were detected via ELISA (Table [2](#Tab2){ref-type="table"}). Among these 14 milk samples with the presence of viable *B. cereus* (MYP agar), 64.3% (*n* = 9) of them contained *B. cereus* spores (ELISA).Table 2Detection of *Bacillus cereus* spores in raw human milk using ELISA.Optical density^a^ (OD, 450 nm)Number of samples (*n* = 152)Pellet and supernatant milk Presence of *B. cereus spores*0.62 ± 0.05*n* = 32 Absence of *B. cereus spores*0.03 ± 0.01*n* = 120Controls for *B. cereus* spores^b^  \<100 CFU/mL0.06 ± 0.01*n* = 8 10,000 CFU/mL0.17 ± 0.02*n* = 8 21,000 CFU/mL0.42 ± 0.07*n* = 8^a^Value are mean ± SEM^b^Human milk controls were enumerated from MYP for viable *B. cereus*

No SE was detected in human milk samples, including those samples with high concentration of *S. aureus*. The limit of detection was 0.8 ng/mL for SEA, SEB and SED.

Table [3](#Tab3){ref-type="table"} summarizes the validation parameters for SEA, SEB and SED concentrations in raw human milk determined via ELISAs. The % CV values calculated from the analysis were \< 9% for both intra-day (values for each SE in milk sample measured in triplicate) and inter-day assessments (average values of SE in milk across 4 days), which meets typical validation requirements ( \< 20%).Table 3Validation for the detection of staphylococcal enterotoxins A (SEA), B (SEB) and D (SED) using ELISA^c^.ParametersSEASEBSEDAccuracy, %7.81210Precision, %CV5.42.77.6limit of detection, ng/mL0.250.430.43limit of quantification, ng/mL0.542.40.41LLOQ^a^, ng/mL0.160.830.16ULOQ^b^, ng/mL200200200^a^LLOQ, lower limit of quantification^b^ULOQ, upper limit of quantification^c^Validation values were from supernantant human milk sample containing 25 ng/ml of SEA, SEB or SED with 4 days and 3 replicated for each day

Discussion {#Sec4}
==========

The present study investigated the influence of factors from maternal background (pregnancy vaccination, prematurity and staphylococci concentration) on the presence of *B. cereus* and *S. aureus* SEs. *B. cereus* caused severe infections in preterm infants, including bacteremia, pneumonia and meningoencephalitis \[[@CR6], [@CR19], [@CR20]\]. In all types of *B. cereus* disease, the virulence was associated with enterotoxin (cereulide) production: diarrheal syndrome (abdominal pain and diarrhea) is caused when vegetative cells of *B. cereus* produce cereulide in the small intestine, whereas emetic syndrome (nausea and vomiting) is caused by ingested food containing emetic *B. cereus* and/or preformed emetic cereulide \[[@CR21]\]. The mode of transmission for *B. cereus* infection in preterm infants was reported to be from various sources (including ventilator equipment, staff hands and catheters), but many report cases did not find the origin of *B. cereus* contamination \[[@CR6]\]. *B. cereus* strains were also isolated from gastric fluid in two preterm infants fed pasteurized donor milk and both samples (fluid and milk) had high virulence potency *B. cereus* \[[@CR5]\]. These investigators suggested that pasteurized donor milk could be a reservoir for pathogenic *B. cereus* due to its higher growth in pasteurized milk \[[@CR5]\]. Pasteurized donor human was also suspected to be the source for three cases of *B. cereus* infection in preterm infants \[[@CR22]\]. Lewin et al. \[[@CR23]\] reported that the association between *B. cereus* contaminated pasteurized donor milk and preterm infection has never been documented. The number of reported cases of *B. cereus* infections in infants, many of which were fatal, are likely to be underestimated due to the lack of microbiological methods that can be used to identify *B. cereus* in hospitals. Most Milk Banks do not have sufficient bacteriologic methods for the identification of *B. cereus* in human milk. The origin of *B. cereus* in raw or pasteurized human milk is still unclear.

For the first time, we demonstrated that *B. cereus* and CNS concentrations in raw human milk from mothers vaccinated during pregnancy (flu and/or Tdap vaccines) was lower than that from unvaccinated mothers. No previous study has examined the effect of vaccination during pregnancy on the microbial concentration in human milk. A possible explanation of the lower concentration of *B. cereus* and CNS in human milk from vaccinated mothers during pregnancy could be due to the higher level of human milk immune components (antibodies and immune cells) with antibacterial activity compared with that from non-vaccinated mothers. *S. aureus* did not differ between vaccinated mothers and non-vaccinated mothers, which could be related to lower milk immune components specific to *S. aureus*. Vaccination during pregnancy increases the secretion of pertussis-specific \[[@CR24]\] and influenza-specific \[[@CR25]\] antibodies in human milk, which may also provide passive protection against these pathogens. Therefore, flu and pertussis vaccines could increase the secretion of antibodies in human milk that are non-specific and prevent the growth of CNS and *B. cereus*, but no evidence has yet been provided. *B. cereus*, *S. aureus* and CNS concentrations in milk did not differ between preterm-delivering mothers and term-delivering mothers. This result is in accordance with Landers et al. \[[@CR10]\] that found bacteria profiles of milk expressed from preterm-delivering mothers in the first month postpartum did not differ from that expressed by mothers delivering at full term. Vaccination during pregnancy is mandatory in some countries (France), whereas it is recommended (but not obligatory) by the FDA in USA. More studies are needed to evaluate the efficiency of vaccination on the prevention of pathogens in human milk.

We found that viable *B. cereus* was present in 9.2% of raw human milk samples expressed from 152 healthy women using MYP agar. This results is in agreement with two previous studies that found 5% \[[@CR10]\] and 5.8% \[[@CR9]\] of pasteurized donor milk samples with *Bacillus* species. However, these investigators did not perform a specific enumeration for *Bacillus* species or *B. cereus* and relied on the total aerobic counts using PCA \[[@CR10]\]. Total aerobic counts in pasteurized human milk are mostly from *Bacillus species* because their spores survive pasteurization whereas other microorganisms are destroyed \[[@CR26]\]. MYP agar is a selective and differential medium for the enumeration of spores and vegetative cells of *B. cereus* in the presence of high concentration of other bacteria in food due to its resistance to polymyxin, lack of mannitol fermentation (which produces pink red colonies) and presence of lecithinase (induce a zone of precipitate around the colonies) \[[@CR13]\]. The presence of *B. cereus* spores was confirmed by ELISA on 64.5% of milk samples that were positive for *B. cereus* on MYP agar. ELISA was previously used for its high sensitivity detection of *B. cereus spores* in meat \[[@CR27]\], but no previous study has used ELISA to detect *B. cereus* spores in human milk. Antibodies specific to *B. cereus* spore antigen can detect both dead and viable cells and spores, which may explain the higher number of milk samples that were positive for *B. cereus* spores (26.7%). Therefore, MYP agar was more appropriate to detect *B. cereus* in raw human milk samples than ELISA due to its capacity to enumerate only viable active cells and spores from *B. cereus*.

*B. cereus* spores and vegetative cells in raw human milk are destroyed by commercial sterilization whereas the spores survive throughout pasteurization \[[@CR12]\] and grow back (vegetative cells) in higher levels than in raw breast milk \[[@CR11]\]. The faster growth of *B. cereus* in pasteurized donor milk samples could be partially due to the destruction of other microorganisms, which reduces the competition for nutrients. Lactoferrin and secretory IgA concentrations are reduced (66 and 26%, respectively) after pasteurization of raw donor milk \[[@CR28]\]. The lower concentration of these antimicrobial immune components in pasteurized donor milk is another factor that allows for faster growth of pathogenic bacteria \[[@CR29]\]. Growth inhibition of *S. aureus, E. coli* or *Pseudomonas aeruginosa* was significantly lower in the pasteurized human milk compared with that in raw human milk \[[@CR30]\]. Therefore, identification of *Bacillus cereus* before and after pasteurization is required to reduce the risk of *B. cereus* infection in preterm infants fed pasteurized human milk.

For the first time, we demonstrated that *S. aureus* and CNS concentrations in raw human milk were higher in the presence of viable *B. cereus* than in its absence. This result could be due to the interactions between *B. cereus* and staphylococci that stimulate *B. cereus* growth in human milk. Staphylococci could produce nutrients for *B. cereus* and/or inactive antimicrobial peptides/proteins by proteolysis. A previous study demonstrated that *B. cereus* stimulated enterotoxin production by *S. aureus* when grown at 25 °C and 25 °C in ham slurry \[[@CR31]\], but no study has investigated the stimulation of *B. cereus* growth by staphylococci. The origin of *Staphylococcus* species in human milk is usually from the mother's skin and nipples \[[@CR10]\], whereas *B. cereus* could come from water, dust or air \[[@CR32]\]. *S. aureus* is the most often microorganism associated with the cause of mastitis in breastfeeding women \[[@CR33]\]. Methicillin-resistant *S. aureus* in raw milk from mothers with mastitis was likely implicated in the mortality of preterm infants with sepsis \[[@CR34]\]. Septicemia and necrotizing enterocolitis (NEC) in preterm infants was possibly related to raw human milk contaminated with CNS (identified *S. epidermidis)* \[[@CR4]\]. *S. epidermidis* and *S. aureus* were also identified in blood from preterm infants fed pasteurized human milk \[[@CR35]\]. Therefore, human milk containing high concentration of *S. aureus* or CNS ( \> 10^4^ CFU/mL) should be discarded (before pasteurization) to reduce the risk of infection in fragile and ill infants.

The presence of *B. cereus* in a few human milk samples was not likely related to uncleaned breast pumps (biofilms) and/or poor hygienic practices (washing hands and breasts) during milk collection. Each donor in this study was trained about how to clean their hands, breasts and breast-pump before collecting milk. For 71.4% of the raw human milk containing *B. cereus*, the CFU/mL for *Enterobacteriaceae* (EB), total aerobic counts and *S. aureus* viable counts (data not shown) were lower than the limits of microbial contamination (10^4^, 10^5^ and 10^4^, respectively) in raw human milk recommended by National Institute for Health and Care Excellence (NICE) clinical guideline \[[@CR36]\] and by Lewis et al. \[[@CR37]\].

The most common staphylococcal SEs associated with food poisoning are SEA, SEB and SED \[[@CR38]\]. In the present study, SEA, SEB and SED were not detected in raw human milk, including those with high concentrations of *S. aureus* ( \> 10^5^ CFU/mL). This observation is in accordance with Almutawif et al. \[[@CR39]\] that showed no production of SEA and SEB by *S. aureus* 2482 in raw human milk incubated at 4 °C for 10 days and 21 °C for 18 h. However, these investigators demonstrated that *S. aureus* produced SEA and SEB (limit of detection was 0.5 ng/mL) in pasteurized donor milk incubated at 37 °C for 9 h but no SEs were produced in raw human milk, suggesting that raw human milk can suppress production of SEs by *S. aureus* compared to pasteurized donor milk \[[@CR39]\]. SEs were synthesized by *S. aureus* throughout the late logarithmic phase of growth or during the transition from the exponential to the stationary phase (10^8^--10^9^ CFU/mL) \[[@CR39], [@CR40]\]. SEA (1 ng/mL) was also detected in pasteurized cow's milk with *S. aureus* at 10^4^ CFU/mL incubated at 35 °C for 15 h \[[@CR41]\]. In this study, *S. aureus* concentrations were below 10^7^ CFU/mL in all human milk samples, which could explain the absence of SEs. To verify this hypothesis, five raw human milk samples with high concentration of *S. aureus* were incubated at 35 °C for 48 h and 72 h to reach exponential growth and no SEs were detected (data not shown). Therefore, the absence of SEs could be due to the absence of *S. aureus* strain able to produce SEs or the inhibition of SE production by the milk microbiome or immune components with antimicrobial properties. Therefore, the risk of SEs in raw human milk is likely to be minimal, but their detection in pasteurized donor milk products is highly recommended to eliminate the small risk of heat-stable SEs remaining active after pasteurization.

A limitation of this study was that the virulence of *B. cereus* in raw breast milk was not investigated. Hemolysin BL, nonhemolytic enterotoxin and cytotoxin K are the virulence factors usually involved in *B. cereus* foodborne diarrheal illness \[[@CR42]\], but no study has identified a major factor for gastroenteritis caused by *B. cereus*. Future studies are needed to identify the prevalence of *B. cereus* cereulide in pasteurized human milk and the factors that induce B. cereus gastroenteritis in preterm infants. Another limitation was that we did not differentiate methicillin-resistant and methicillin-sensitive for *S. aureus*. Moreover, we did not have the exact date of vaccination during pregnancy for Tdap vaccine and/or flu vaccine, but only the approximately time (between second and third trimester).

Although pasteurization reduces the immune components (lactoferrin, antibodies and lysozyme) in raw human milk \[[@CR43]\], pasteurized donor milk contains a critical source of active immune components, including lactoferrin, SIgA and oligosaccharides that are likely the main components for the prevention of NEC. Preterm infants fed raw human milk or pasteurized donor milk were associated with lower risk of NEC compared with those fed preterm formula, when given until 34 weeks of postpartum age \[[@CR44]\]. Pasteurization of raw human milk also reduces the risk of postnatal cytomegalovirus (CMV) infection by its inactivation. Preterm infants fed raw human milk were associated with higher rate of postnatally acquired CMV infections compared with those fed pasteurized human milk \[[@CR45]\]. However, these investigators also reported that preterm infants fed unpasteurized human milk had lower rate of NEC compared with those fed pasteurized human milk. Ultraviolet-C irradiation could be used to deactivate CMV in human milk \[[@CR46]\]. Ultraviolet-C irradiation of human milk can preserve higher active immune proteins than Holder pasteurization, resulting in bacteriostatic properties similar to raw human milk \[[@CR47]\]. Overall, raw and pasteurized human milk must be carefully analyzed for potential pathogens when used for feeding preterm infants.

Conclusion {#Sec5}
==========

The present study demonstrated that the vaccination during pregnancy could reduce the growth of *B. cereus* and CNS in raw human milk. The presence of *B. cereus* in raw human milk was associated with higher concentration of CNS and *S. aureus* compared with human milk without *B. cereus*. Microbial sampling on raw human milk samples before pooling and pasteurizing steps is highly recommended to discard those containing *B. cereus* or milk with too high level of staphylococci. The detection of *B. cereus* in human milk must be performed with specific and sensitive microbiological methods to reduce the risk of underestimating the presence of this pathogen that resists pasteurization. Improvement of the sensitivity of bacteriologic exams on human milk could be used to isolate the milk containing pathogenic and/or non-pathogenic species that can be harmful for immunosuppressed premature infants. Raw human milk is the gold standard for feeding term infants, but due to the immature immune system, preterm infants may need sterilized human milk supplemented with immune components to prevent microbial infection in NICU. Future studies are required to investigate cases of infections in preterm infants fed raw or pasteurized human milk to better understand the potential association with *B. cereus*. Further works are needed to determine whether the type and the time of vaccination during pregnancy influence the reduction of *B. cereus* and other pathogens in human milk.
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